Background: Disease burden and associated costs are not well understood among patients with gastroesophageal reflux disease (GERD) who have persistent symptoms despite optimized proton pump inhibitor (PPI) therapy. The aim of this study was to investigate disease burden and costs of GERD in partial responders to PPI therapy. Methods: The Partial Response to PPI treatment: the Cost to Society and the Burden to the Patient in the US (REMAIN US) study was a 12-month, multicenter, noninterventional, observational study of 552 partial PPI responders in the USA. Participating sites were comprised of family practice (n = 30), internal medicine (n = 8), and specialist (gastroenterologist) centers (n = 15). GERD symptoms, health-related quality of life (HRQL), and impact on productivity were evaluated from patient-reported outcome instruments. Resource utilization data were also collected. Results: Patients had a high symptom burden, impaired HRQL, and reduced productivity while at work and in daily activities, despite optimized PPI therapy. Mean annual GERD-related costs were US$9944 per patient, comprising total direct costs and mean productivity loss costs of US$4068 and US$5876 per patient, respectively. Conclusion: Patients with GERD and a partial response to PPI therapy have considerable direct and indirect costs, along with substantial impairments in HRQL and productivity.
Introduction
Although there are biomarkers for defining and characterizing gastroesophageal reflux disease (GERD), patient reports are fundamental to both diagnosis and monitoring treatment response. The Montreal consensus definition of GERD emphasizes the importance of patient report by defining GERD as "a condition that develops when the reflux of stomach contents causes troublesome symptoms and/or complications." 1 For this reason, clinicians focus on symptom reporting when planning treatment strategies and monitoring patient outcomes in GERD.
Currently, acid suppression is the mainstay of treatment for GERD, and among the acid suppressive agents, proton pump inhibitors (PPIs) are the treatment of choice. 2 However, the results of a recent systematic review show that up to 45% of patients receiving a prescription for daily PPI therapy for GERD continue to experience troublesome symptoms of heartburn and regurgitation. 3 Also, around one-quarter of patients reportedly augment PPI treatment with over-the-counter (OTC) drugs, indicating a need to improve symptom control. 4 That is, while PPI therapy has revolutionized the management of symptoms among patients with GERD, it remains commonplace to find patients with persistent symptoms despite what treating physicians consider to be optimized PPI therapy. Many patients report some, yet only partial, improvement in GERD symptoms. Despite the high prevalence of this patient population, the burden of disease and associated costs among partial responders to PPI treatment is not well understood. As the prevalence of GERD rises in parallel with the aging population and the increasing obesity epidemic, clinicians will continue to manage GERD patients with partial, yet incomplete, response to PPI therapy.
The objective of the Partial Response to PPI treatment: the Cost to Society and the Burden to the Patient in the US (REMAIN US) study, therefore, was to provide empirical evidence about this patient population, by investigating the cost of illness, treatment patterns, and burden of GERD in partial responders to PPI therapy in the USA.
Methods

Study design
The multicenter, noninterventional, observational REMAIN US study was conducted at 53 primary and secondary care sites in the USA. Participating sites were comprised of family practice (n = 30), internal medicine (n = 8), and specialist (gastroenterologist) centers (n = 15). The protocol was approved by a central Institutional Review Board on October 16, 2008 (Sterling Independent Services, Inc, Atlanta, GA). Eligible patients were recruited during regular physician visits; specific appointments were not set up for patients who were to be screened for enrollment. The first patient was enrolled on November 12, 2008 , the last patient was enrolled on June 12, 2009 , and the last patient survey was received on January 12, 2010. At study entry, data regarding patients' medical history and prescribed medications over the 6-month period prior to enrollment were collected retrospectively by the study physician using a case-report form; symptoms, health-related quality of life (HRQL), and productivity over the previous week were recorded using patient-reported outcome (PRO) instruments. Thereafter, two follow-up surveys were mailed to the patients at 3 and 6 months post-enrollment, respectively (each patient received a diary that was intended to act as a memory aid when patients were about to report retrospectively at these time points). The total duration of the REMAIN US study was therefore 12 months. Participating patients and physicians received a small remuneration for their contribution to the study.
Patients
Eligible patients were adults ($18 years) identified as being partial responders to optimized PPI treatment (at, or prior to, the enrollment visit) for GERD ($6 months' documented history of GERD symptoms) who had provided written informed consent. Optimized PPI therapy was defined pragmatically as treatment that, according to the physician's judgment, could not be further improved by changing the type or dosing schedule of the PPI. Patients also had to report $ 3 days/week of a burning feeling behind the breastbone of at least moderate intensity, and/or $3 days/week of an unpleasant movement of material upwards from the stomach of at least moderate intensity; these symptoms were assessed using the validated Reflux Symptom Questionnaire 7-day recall (RESQ-7). 5 Patients with no improvement in GERD symptoms during PPI treatment were not eligible for inclusion.
Patient-reported outcomes
Disease-specific symptoms were evaluated at the baseline visit and at 3 and 6 months' follow-up using RESQ-7, a PRO instrument partly based on the Reflux Disease Questionnaire. 6 The RESQ-7 is a 26-item, self-administered questionnaire designed to assess the intensity and frequency of GERD symptoms over the past 7 days. Symptom intensity and frequency are scored on a six-point Likert scale, with higher scores indicating more intense or frequent symptoms. The symptom items can be combined into an overall symptoms domain, as well as into four separate domains: heartburn; regurgitation; hoarseness, cough, and difficulty swallowing; and burping.
At the baseline visit, all patients completed the Hospital Anxiety and Depression Scale (HADS) 7 to detect states of anxiety and depression. The HADS is a 14-item self-assessment in which each item is scored by the patient on a four-point (0-3) response category. The scale yields an anxiety score and a depression score (0-7, no disorder; 8-10, "possible" anxiety or depression; $ 11, "probable" anxiety or depression).
HRQL was evaluated at the baseline visit and at 6 months' follow-up using two generic instruments: the 36-item, ShortForm Health Survey Version 2 acute (SF-36v2 acute) with a 7-day recall period, 8 and the European Quality of Life-5 Dimensions (EQ-5D). 9 The SF-36v2 acute is a generic quality of life instrument that measures physical functioning, bodily pain, role limitations due to physical health problems, role limitations due to personal or emotional problems, emotional well-being, social functioning, energy/fatigue, and general health problems. The instrument also comprises physical and mental component summary scores. Scores were based on submit your manuscript | www.dovepress.com Dovepress Dovepress norm-based scoring (0-100, with higher scores representing a more favorable health state), using the SF-36v2 Health Survey 1998 general population norms (a mean score of 50 with a standard deviation [SD] of 10).
The EQ-5D 9 is a health outcomes measure that provides a descriptive profile and index value for health status; five questions comprise dimensions of health (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression) across three levels (no problems, some/moderate problems, and extreme problems), in addition to one measure of health status on a vertical graduated (0-100) visual analog scale (VAS). Higher EQ-5D Index and VAS scores represent a more favorable health state.
Disease-specific productivity impairment was evaluated at the baseline visit and at 3 and 6 months' follow-up using the Work Productivity and Activity Impairment questionnaire for patients with GERD (WPAI-GERD), a six-item instrument that measures work productivity and activity impairment over the past 7 days. 10 The WPAI-GERD questionnaire yields a number of scores, such as: absenteeism (hours of work-time missed), presenteeism (impairment at work/reduced on-the-job effectiveness), and activity impairment because of GERD. Presenteeism and activity impairment outcomes are expressed as percentages, with higher percentages indicating greater impairment and less productivity. The number of work hours lost due to presenteeism is calculated by multiplying the percentage of reduced productivity while at work by the number of hours the responder actually worked.
Resource utilization and costs
As part of retrospective data collection, physicians noted which PPIs and other medications considered to be relevant for patient care were prescribed during the 6 months before baseline.
For the 6-month prospective (follow-up) phase of the study, patients completed resource utilization forms to self-report prescribed GERD medication coupled with an open-ended question regarding OTC medication ("Nonprescription medication you used for the treatment of your GERD symptoms"). Patients also provided data on treatment duration for each therapy.
Physicians reported the date of any previous medical visits and hospitalizations due to GERD-related conditions occurring during the 6 months prior to baseline. The patient resource utilization forms were used to collect self-reported information regarding hospital and physician visits during the 6-month follow-up period.
Resource utilization data from the study were multiplied with unit cost data for medications, 11 charges for medical consultations, tests and procedures, 12 and hospitalizations 13 (see Table S1 ). A mean hourly labor cost of US$29.37 was used for productivity cost calculations (the mean hourly labor cost for all occupations and all civilian workers, including all compensation costs during the fourth quarter of 2009, according to the Bureau of Labor Statistics 14 ). Number of hours absent from work and number of hours lost due to reduced work productivity were calculated over the preceding 7 days using WPAI-GERD results. The number of hours collected at baseline was applied for the 6-month period prior to baseline. Similarly, the number of hours reported at 6 months was applied for the period between baseline and 6 months. Productivity loss was adjusted to reflect the total study population when calculating productivity costs per patient. This was made by applying the costs to the number of patients for whom data on productivity loss was available, divided by the total number of patients at baseline and 6 months, respectively. Calculations were made separately for each productivity variable (hours absent from work and work hours lost due to reduced productivity).
Although resource utilization data were available separately for the two 3-month periods after baseline, cost calculations are presented here for the whole 6-month period after baseline.
Statistical analyses
All statistical analyses were descriptive. The study protocol specified a target enrollment sample of 550 patients with GERD and with partial response to optimized PPI treatment. Assuming an attrition rate of 15% per quarter over the course of the 6-month data collection period, the final sample size would be approximately 400 patients for analysis. Due to the descriptive objectives of the study, there were no hypotheses to test with statistical methods to predetermine a required sample size. As such, the sample size was pragmatic, and a target of 550 enrolled patients was deemed sufficient to meet satisfactory rates of precision for study variables, based on a previous US database study conducted among a relevant patient group. 15 While patients completed diaries in order to help with retrospective reporting at 3 and 6 months' follow-up, data were neither collected nor analyzed.
Results
Patient characteristics
A total of 4579 patients with GERD visited the study sites during the enrollment period, of whom 706 were identified submit your manuscript | www.dovepress.com Dovepress Dovepress as potentially being partial responders to PPIs. Overall, 552 partial PPI responders met the eligibility criteria and completed the baseline survey; 164 patients (29.7%) were men and the mean age ± SD was 54.7 ± 14.4 (range 19-97) years. Clinical characteristics at baseline are presented in Table 1 . A total of 404 patients completed the study until the 6-month follow-up period (Figure 1) .
HADS scores at baseline classified 31.4% of patients as having probable anxiety disorders, and 15.4% of patients as having probable depression.
At baseline, 237 patients (42.9%) were receiving highdose PPIs without adjunctive therapy, 202 patients (36.6%) were receiving standard-dose PPIs, and 89 patients (16.1%) were receiving PPIs in combination with other medications. The remaining patients (24 patients, 4.3%) were receiving other or no medication, consistent with the protocol that patients did not have to be receiving a PPI immediately prior to enrollment. Among the total of 512 (92.8%) patients who had been continuously treated with optimized PPI over the past 4 weeks, the most common reason for considering PPI therapy as being optimized (multiple responses possible) was "maximum dose" (90.2% of patients), followed by "tried different brands with no improvement" (72.3%), and "improvement by changing PPI unlikely due to symptom pattern" (48.2%).
Symptoms
According to the RESQ-7 questionnaire (overall symptoms domain), the patients included in this study experienced a high symptom burden at baseline, with 73% of patients reporting at least moderately severe symptoms, and 60.5% reporting daily symptoms despite PPI therapy. Both symptom intensity and frequency was lower at 6 months' follow-up, with 46% of patients reporting at least moderately severe symptoms, and 43% of patients reporting daily symptoms based on the overall symptoms domain of RESQ-7. Similar findings were generally apparent across the four separate domains of RESQ-7 (data not shown).
Health-related quality of life SF-36v2, EQ-5D Index, and VAS scores were consistent with impaired HRQL at both baseline and 6 months' follow-up (Table 2) . A relationship between greater intensity and frequency of the RESQ-7 heartburn domain symptoms and poorer HRQL, according to EQ-5D scores, was indicated ( Figure 2 ).
Productivity impairment
At baseline, the mean reduction in productivity while at work was 29.4% (95% confidence interval [CI] 25.9, 32.8; n = 254), the mean work time missed due to GERD was 8.0% (95% CI 5.3, 10.7; n = 235), and the mean reduced productivity while carrying out daily activities was 41.0% (95% CI 38.7, 43.4; n = 535). Subsequent results from the WPAI-GERD questionnaire revealed that the number of hours absent from work, as well as the number of hours lost due to reduced productivity while at work and during daily activities declined nominally over the course of the study (Figure 3) .
Reductions in productivity were greater with higher intensity and frequency of RESQ-7 heartburn domain symptoms (Figure 4 ).
Resource utilization and costs
Over the 12-month study duration, the prescription of GERD medications remained relatively consistent. More than 90% of patients reported using OTC medications in addition to prescribed treatments.
The number of health care visits and hospitalizations over the study period is shown in Table 3 . Table 2 Mean (± SD) SF-36v2, EQ-5D Index, and VAS scores at baseline and 6 months among evaluable patients (n = 550) Over the course of the study, the mean annual GERDrelated costs per patient totaled US$9944; the mean total direct cost per patient was US$4068, and the mean productivity loss cost per patient was US$5876. Reduced productivity at work accounted for around 80% of indirect costs (Table 4) .
Discussion
Partial response to PPI therapy may be common in clinical practice, but little is known about the prevalence and associated burden in this important subpopulation of patients with GERD. This is the first noninterventional, observational study to evaluate the cost of illness and the burden of GERD in partial responders to PPI therapy in the US adult population.
There are several notable findings from this study. First, we found that patients with partial PPI response had a substantial impairment of HRQL, which appeared to be related to symptom burden. Such findings are in accordance with previous observations of patients with GERD. 16 Second, few patients with partial PPI response changed treatment despite the fact that they continued to experience troublesome symptoms and diminished HRQL. This is an important point, as one explanation of the unmet need for different or more effective therapies for GERD is that patients with a partial response are continuing on the same therapy, and/or have been incorrectly diagnosed. However, 96% of enrolled patients had been previously diagnosed with GERD (according to medical records), and all were deemed to have been receiving optimized PPI therapy according to the physician's judgment, Mean EQ-5D Index and VAS scores by symptom frequency (A) and intensity (B) of RESQ-7 heartburn domain symptoms (using the symptom with the highest frequency) at 6 months' follow-up. Notes: For both EQ-5D scores, 0 represents a health state of being dead and 1 a health state of being at full health (the EQ-5D VAS score was normalized between 0 and 1 for comparative purposes). The relationship between symptoms and EQ-5D results is described at the 6-month assessment, since the number of patients in each symptom category was most evenly distributed at this time point. Abbreviations: EQ-5D, European Quality of Life-5 Dimensions; VAS, visual analog scale; RESQ-7, Reflux Symptom Questionnaire 7-day. Hours absent from work due to GERD Hours lost due to reduced productivity due to GERD (n = 153) 6.5 7.9
Figure 3
Results from the WPAI-GERD. Note: Results are mean hours (95% confidence interval) for work absence due to GERD and reduced productivity due to GERD over the 7 days prior to assessment, at baseline, and at the 3-and 6-month follow-up visits. Abbreviations: WPAI-GERD, Work Productivity and Activity Impairment questionnaire for patients with Gastroesophageal Reflux Disease; GERD, gastroesophageal reflux disease. Figure 4 Mean number of hours absent from work and number of hours lost due to reduced work productivity by symptom frequency (A) and intensity (B) of RESQ-7 heartburn domain symptoms (using the symptom with the highest frequency) at 6 months' follow-up. Note: The relationship between symptoms and productivity results is described at the 6-month assessment, since the number of patients in each symptom category was most evenly distributed at this time point. Abbreviation: RESQ-7, Reflux Symptom Questionnaire 7-day.
which could not be further improved by changing the chosen PPI or dosing schedule. Third, a considerable direct and indirect cost of illness exists among such patients. Of the total cost associated with partial response to PPI therapy for GERD, for example, the cost of reduced productivity at work was the single largest contributor. This finding is consistent with the 2007 National Health and Wellness Survey data, which estimated that patients experienced a 28% reduction in productivity while at work due to disruptive GERD symptoms experienced among US respondents. 17 Moreover, the level of productivity impairment is comparable to that of other diseases that are associated with substantial indirect costs such as irritable bowel syndrome (IBS), 18 symptoms of which reduced total work productivity (absenteeism and presenteeism) by 21% according to one US study. 19 An apparent decrease in symptom load over time was noted in the absence of marked changes in the medication prescribed. These findings were to be partly expected, given submit your manuscript | www.dovepress.com Dovepress Dovepress the fluctuating nature of GERD symptoms, 20, 21 and given the recruitment of patients with a high symptom burden. Other potential explanations include drop-outs (ie, the possibility that more symptomatic than nonsymptomatic patients dropped out from the study), and the different data collection settings at baseline (physician office) and follow-up (patient's home).
Some authors have suggested that concomitant IBS in patients with GERD is associated with failure of PPI therapy; 22 however, in the present subset of patients with GERD symptoms despite optimized PPI therapy, the proportion of patients whose gastrointestinal history included a diagnosis of IBS (17%) was equivalent to that reported previously for the general North American adult population. 18, 23 It should be noted that the absence of a previous IBS diagnosis does not rule out the experience of as-yet undiagnosed IBS symptoms.
The prevalence of probable anxiety, based on HADS classification, in the REMAIN US population (31%) was higher than among the general GERD population in Italy (in which 19% of patients were classified as having anxiety). 24 This might be linked to undiagnosed anxiety and/or partial treatment response, and the belief that lack of symptom improvement might be attributable to a sinister cause. In the setting of antireflux surgery, psychological factors such as anxiety are also known to impact on treatment success. 25 The relationship between, on the one hand WPAI-GERD and EQ-5D and, on the other hand, symptom load measured by RESQ-7 lends indirect support to the construct validity of the mentioned instruments in this study population, although it should be noted that supporting construct validity was not an objective of this study.
This study utilized patient-reported data to assess reduced productivity at work, the reliability of which may be in question due to the subjective nature of this assessment. However, comparisons with other GERD studies on productivity and cost indicate that the results presented here are largely consistent. 26 Further, a study using objective measures of productivity lends support to the credibility of patient-reported productivity. 27 
Study strengths and limitations
The key strengths of this study include the large sample size and the use of established PRO instruments to evaluate HRQL and productivity. The limitations of the study include variation in data collection methods (eg, physicianversus patient-reported resource utilization), relatively long periods between patient recall for resource utilization (up to 3 months), and productivity data collected for relatively short periods (1 week each), which were then extrapolated. However, memory aids, in the form of diaries in which patients were encouraged to record use of medical care and medications for the treatment of GERD for the following 3 months, were sent to each patient together with the previous period's survey, which may have aided in overcoming the limitations associated with memory recall.
While this study includes a convenient observational population, it is not a random sample of partial PPI responders and may not, therefore, be fully representative. It could also be argued that the identified problem of partial response to PPI therapy might be related to incorrect diagnosis. A diagnosis of GERD had been previously confirmed in 96% of enrolled patients, and this would explain why relatively few patients underwent objective tests of incompletely treated GERD during follow-up. However, the possibility of incorrect diagnosis cannot necessarily be overlooked. In a recent study, for example, Galindo et al 28 described how a multimodal evaluation changed the diagnosis of GERD in around one-third of PPI treatment failures. Moreover, it was apparent that relatively few physicians in the present study explored adjunctive use of therapies such as prokinetics, for which there is some evidence of therapeutic benefit in patients with GERD who have not responded to PPIs. [29] [30] [31] Physicians were not provided with clinical training on the management of GERD or related guidelines in this study, in order to obtain real-world data and not interfere with their routine management of patients with GERD. As such, the aforementioned findings of limited diagnostic follow-up and infrequent use of adjunctive therapies in PPI partial responders suggests that routine management of such patients could be improved. Finally, it should be noted that the REMAIN US study was not designed to assess changes in symptoms, HRQL, and productivity over time; thus, comparisons between baseline and follow-up assessments should be made with caution.
Conclusion
In summary, many US patients with GERD continue to experience persistent symptoms despite optimized PPI therapy, a symptom load that is associated with considerable direct and indirect costs, as well as substantial impairments in patients' HRQL and productivity during work and daily activities. Addressing this significant unmet need remains a therapeutic challenge, and physicians should be encouraged to explore not only the possibility that PPI treatment is not optimized (even if they believe it to be), but also the likelihood of incorrect diagnosis and/or the potential benefits of adjunctive therapies.
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